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(57) An electrically operated power steering appa- 
ratus for an automotive vehicle having a steering wheel 
to be operated by the vehicle operator includes a motor 
and a power supply restricting device. The motor applies 
a drive force thereof to a torque transmitting system so 
as to assist a steering torque applied to the steering 
wheel by the vehicle operator. The power supply restrict- 
ing device utilizes a temperature of a heated portion of 
the electrically operated power steering apparatus 
which emits heat as a result of a supply of an electric 



power to the motor, at a reference point of time, as an 
initial temperature of the heated portion, utilizes a plu- 
rality of electric power-related values each of which is 
related to at least one of a current and a voltage value 
of the motor, as a plurality of physical quantities related 
to temperature increases of the heated portion each of 
which is an increase of the temperature of the heated 
portion from that at the reference point of time, and re- 
stricts the electric power supply to the motor such that 
an actual value of the temperature of the heated portion 
does not exceed a predetermined upper limit thereof. 
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Description 

[0001] This application is based on Japanese Patent 
Application No. 11-156675 filed June 3, 1999, the con- 
tent of which is incorporated hereinto by reference. s 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

w 

[0002] The present invention relates to an electrically 
operated power steering apparatus in which a drive 
force of a motor assists a required value of steering 
torque applied to a steering wheel operated by an oper- 
ator of an automotive vehicle. is 

Discussion of the Related Art: 

[0003] An electrically operated power steering appa- 
ratus for an automotive vehicle is generally constructed 20 
to include (a) a torque transmitting system transmitting 
steering torque which is applied to a steering wheel by 
a vehicle operator, to a steerable wheel of the vehicle 
laying on a road surface, so as to assist the steering 
torque, (b) a motor applying a drive force thereof to the 25 
torque transmitting system, and (c) a controlling device 
controlling an electric power supply to the motor. 
[0004] Japanese Patent Publication No. 10-100913 
discloses an example of a conventional type of the elec- 
trically operated power steering apparatus identified 30 
above. In this exampte : the temperature of a winding of 
a motor is estimated on the basis of a voltage and a cur- 
rent value of the motor, without the provision of a tem- 
perature sensor detecting a temperature of the motor. 
The estimated temperature results in preventing over- 35 
heat of the motor. 

[0005] However, in general, what can be accurately 
estimated in relation to the temperature of a winding of 
a motor by the use of a voltage and a current value of 
the motor is an increase of temperature of the motor 40 
winding at each one of a plurality of discrete points of 
time after a reference point of time. The increase is cal- 
culated from the temperature of the heated portion ob- 
tained at the reference point of time. The increase is a 
relative value, not an absolute value of temperature of 45 
the motor winding. In addition, the example explained 
above is not designed to detect or estimate an absolute 
value of temperature of the motor winding at the refer- 
ence point of time. Consequently, this example fails to 
obtain the temperature of the motor with an adequately so 
high precision. 

[0006] In the case where a temperature sensor is ar- 
ranged sufficiently near a winding of a motor, the tem- 
perature of the motor can be sequentially detected at a 
high precision. However, in this case, since such a tern- ss 
perature senor is generally expensive, there arises a 
problem that the substantial increase in the cost of an 
electrically operated power steering apparatus is una- 



voidable. 

[0007] In addition, a problem of generation of heat as 
a result of a supply of an electric power to a motor arises 
about the motor in an electrically operated power steer- 
ing apparatus, but the same problem can also arise 
about other electrical parts of the apparatus. 

BRIEF SUMMARY OF THE INVENTION 

[0008] It is therefore an object of the present invention 
to provide an electrically operated power steering appa- 
ratus in which the temperature of a heated portion of the 
apparatus which emits heat as a result of a supply of 
electric power to a motor can be more precisely obtained 
in lower cost. 

[0009] The object may be achieved according to any 
one of the following modes of this invention. Each of 
these modes of the invention is numbered like the ap- 
pended claims, and depends from the other mode or 
modes, where appropriate. This type of explanation 
about the present invention is for better understanding 
of some ones of a plurality of technical features and a 
plurality of combinations thereof disclosed in this spec- 
ification, and does not mean that the plurality of techni- 
cal feature and the plurality of combinations in this spec- 
ification are interpreted to encompass only the following 
modes of this invention: 

(1 ) An electrically operated power steering appara- 
tus for an automotive vehicle having a steering 
wheel to be operated by an operator of the vehicle 
and a steerable wheel thereof laying on a road sur- 
face, comprising: 

a torque transmitting system transmitting a 
steering torque which is applied to the steering 
wheel by the operator, to the steerable wheels; 
a motor applying a drive force thereof to the 
torque transmitting system so as to assist the 
steering torque; 

a controlling device controlling an electric pow- 
er supply to the motor, thereby permitting re- 
duction in a required value of the steering 
torque with the assist of the drive force of the 
motor; and 

a power supply restricting device utilising a 
temperature of a heated portion of the electri- 
cally operated power steering apparatus which 
emits heat as a result of the electric power sup- 
ply to the motor, at a reference point of time, as 
an initial temperature of the heated portion, uti- 
lizing a plurality of electric power-related values 
each of which is related to at least one of a cur- 
rent and a voltage value of the motor, as a plu- 
rality of physical quantities related to tempera- 
ture increases of the heated portion each of 
which is an increase of the temperature of the 
heated portion from that at the reference point 
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of time, and restricting the electric power supply 
to the motor such that an actual value of the 
temperature of the heated portion does not ex- 
ceed a predetermined upper limit thereof. 

s 

In general, the temperature of the heated por- 
tion, if not changed or gently changed, forms a con- 
stant relationship thereof with an ambient tempera- 
ture of the heated portion. In addition, the ambient 
temperature of the heated portion can be detected w 
without using a temperature sensor exclusively 
used for detection of the temperature of the heated 
portion. Accordingly the temperature of the heated 
portion, if not changed or gently changed, can be 
easily detected or estimated. 15 

The use of at least one of a current and a volt- 
age value of the motor permits estimation of an in- 
crease of the temperature of the heated portion 
from that at a reference point of time. In addition 
control of the motor is usually effected with feed- 20 
back of at least one of a current and a voltage value 
of the motor. Therefore, a sensor detecting at least 
one of a current and a voltage value of the motor is 
usually provided with the electrically operated pow- 
er steering apparatus. Consequently, in many cas- 25 
es, at least one of a current and a voltage value of 
the motor can be easily detected. 

There exists a technology of using the temper- 
ature of the heated portion detected or estimated in 
the manner mentioned above, as an initial temper- 30 
ature of the heated portion. There also exists a tech- 
nology of using at least one of a current and a volt- 
age value of the motor as a physical quantity related 
to an increase of the temperature of the heated por- 
tion from that at a time when the initial temperature 35 
of the heated portion has been obtained. These two 
technologies can cooperate with each other to es- 
timate the temperature of the heated portion at each 
one of a plurality of discrete points of time after the 
initial temperature of the heated portion has been 40 
obtained. 

Based on the above findings, the apparatus ac- 
cording to this mode (1) utilizes the temperature of 
the heated portion at a reference point of time as 
an initial temperature of the heated portion, and uti- 45 
hzes at least one of a current and a voltage value 
of the motor as a physical quantity related to an in- 
crease of the temperature of the heated portion 
from that at the reference point of time. Further the 
apparatus according to this mode (1) restricts an so 
electric power supply to the motor so as to prevent 
an actual value of the temperature of the heated 
portion from exceeding a predetermined upper limit 
of the temperature of the heated portion. 

Consequently, in the apparatus according to ss 
this mode (1), it is not indispensable to employ a 
temperature sensor which exclusively detects the 
temperature of the heated portion with a high pre- 



cision and which is expensive. Therefore, a sub- 
stantial increase in the cost of the apparatus result- 
ing from the addition of a function of obtaining the 
temperature of the heated portion to an electrically 
operated power steering apparatus can be easily 
avoided. 

Further, in the apparatus according to this 
mode (1 ), a determination as to whether the restric- 
tion on the electric power supply to the motor is nec- 
essary or not is performed using both of an initial 
value and a subsequent increase of the tempera- 
ture of the heated portion from the initial value, both 
of which are reflected by the actual condition of the 
heated portion. As a result, the presence of an un- 
necessary restriction on the electric power supply 
at lower temperature of the heated portion can be 
easily avoided, and the absence of a necessary re- 
striction on the electric power supply at higher tem- 
perature of the heated portion can alto be easily 
avoided. 

The apparatus according to this mode (1) may 
be adapted to include a temperature sensor capa- 
ble of precisely detecting the temperature of the 
heated portion as long as the temperature is sub- 
stantially in a stable condition thereof. The appara- 
tus according to this mode (1 ) may be also adapted 
to include a temperature sensor capable of precise- 
ly detecting the temperature of the heated portion 
not only in a stable condition thereof but also in a 
transitional condition thereof. 

In the apparatus according to this.mode (1 ) the 
heated portion may be defined as the motor a 
switching element connected to the motor and a 
power supply to the motor, at least one of a plurality 
of media for transferring current from the power 
supply to the motor, including such as a wire, a con- 
nector, etc., for example. The heated portion also 
may be defined as at least one of the plurality of 
media which is especially required to be prevented 
from being overheated. 

In the apparatus according to this mode (1 ), the 
torque transmitting system is generally constructed 
to include (a) a steering shaft rotatable with the 
steering wheel, (b) an axially movable steering rod 
permitting the orientation of the steerable wheel to 
change, and (c) a coupling device operatively qou- 
pling the steering shaft and steering rod such that 
a rotary motion of the steering shaft is converted 
into a linear motion of the steering rod. In this ar- 
rangement, the motor is engaged to at least one of 
the steering shaft, steering rod and coupling device 
so as to apply to the at least one of these three el- 
ements a drive force of the motor for assisting the 
steering torque of the steering wheel applied by the 
vehicle operator 

In the apparatus according to this mode (1 ), the 
restriction on the electric power supply may be ef- 
fected by reducing an actual and absolute value of 
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current (i.e., electric current) of the motor to a cer- 
tain value. The certain value is smaller than a nom- 
inal value of current of the motor available when the 
restriction on the electric power supply is unneces- 
sary, but is not equal to zero. The restriction on the s 
electric power supply also may be effected by re- 
ducing the actual and absolute value to zero. 
(2) The apparatus according to the above mode (1 ), 
wherein the power supply restricting device com- 
prises: 10 

a temperature estimating means for repeating 
obtaining one of the plurality of electric power- 
related values after the reference point of time, 
for obtaining a sum of the plurality of electric is 
power-related values which have been already 
obtained, each time a new one of the plurality 
of electric power-related values has been ob- 
tained, the obtained sum being defined as an 
integrated value of the already obtained plural- 20 
ity of electric power-related values, for estimat- 
ing the temperature increase of the heated por- 
tion on the basis of the obtained integrated val- 
ue, and for estimating the temperature of the 
heated portion at each one of a plurality of dis- 25 
crete points of time after the reference point of 
time, on the basis of the initial temperature and 
the estimated temperature increase of the heat- 
ed portion; and 

a power supply restricting means for restricting 30 
the electric power supply to the motor such that 
the actual value of the temperature of the heat- 
ed portion does not exceed the predetermined 
upper limit, on the basis of the estimated tem- 
perature of the heated portion. 35 

In the apparatus according to this mode (2), an 
increase of the temperature of the heated portion is 
estimated on the basis of in integrated value of a 
plurality of electric power-related values. As a re- 40 
suit, the temperature increase of the heated portion 
is estimated by the adequate consideration of a 
time-dependent change in the electric power-relat- 
ed value. Therefore, in the apparatus according to 
this mode (2), the precision in estimation of the tern- 45 
perature increase of the heated portion is improved, 
resulting in another improvement in estimation of 
the temperature of the heating portion. 
(3) The apparatus according to the above mode (2), 
wherein the power supply restricting means com- so 
prises a restricting amount determining means for, 
when the estimated temperature of the heated por- 
tion his reached a reference temperature formulat- 
ed to be lower than the predetermined upper limit, 
restricting the electric power supply to the motor, 55 
and for repeating determining a restricting amount 
by which the electric power supply to the motor is 
to be restricted, on the basis of the estimated tem- 



perature of the heated portion at a corresponding 
one of a plurality of discrete points of time. 

In the apparatus according to this mode (3), a 
restricting amount by which the electric power sup- 
ply is to be restricted is repeatedly determined after 
the commencement of restriction on the electric 
power supply to the motor, on the basis of the tem- 
perature of the heated portion estimated at a corre- 
sponding one of a plurality of discrete points of time. 
Therefore, it can surely be avoided that an actual 
temperature of the heated portion exceeds the pre- 
determined upper limit thereof. 
(4) The apparatus according to the above mode ( 1 ), 
wherein the power supply restricting device com- 
prises: 

an allowable supply time period determining 
means for utilizing an initiation point of time of 
a holding operation of the steering wheel during 
which the vehicle operator is holding the steer- 
ing wheel substantially at one steering position 
thereof which is other than a neutral position 
thereof, and for determining a time period which 
is estimated to pass from the initiation point of 
time of the holding operation until the temper- 
ature of the heated portion has reached the ref- 
erence temperature, on the basis of the initial 
temperature of the heated portion, a reference 
temperature of the healed portion at which the 
restriction on the electric power supply to the 
motor is to be initiated, and the electric power- 
related value obtained at the initiation point of 
time of the holding operation, the determined 
time period being defined as an allowable sup- 
ply time period for the electric power supply to 
the motor; and 

a supply restricting means for starting restrict- 
ing the electric power supply to the motor when 
the determined allowable time period has 
passed. 

In a holding operation during which the vehicle 
operator holds the steering wheel at one steering 
angle thereof, a change in the magnitude of the 
electric power supply to the motor, i.e., the electric 
power- related value of the motor is not as large as 
in a steering operation during which the vehicle op- 
erator operates the steering wheel so as to increase 
a steering angle thereof. Accordingly, if the magni- 
tude of the electric power-related value at an initia- 
tion of the holding operation can be recognized, an 
increase of the temperature of the heated portion at 
each one of a plurality of discrete points of time after 
the initiation of the holding operation can be repre- 
sented as a function of time, during the holding op- 
eration. 

Based on this finding, in the apparatus accord- 
ing to this mode (4), an allowable power supply time 
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period for the motor is determined as a time period 
which .s estimated to pass from an initiation of a 
Holding operation until the temperature of the heat- 

ZT ° n !? re8Cheda ^"temperature, on 
Ihebass ofthemitialtemperatureoftheheatedpor- s 
t'on and the electric power-related value obtained 
at the initiation of the holding operation. Further 
when the determined allowable time period has 
passed, the restriction on the electric power supply 
to the motor is initialed. 

Therefore, the apparatus according to this 
mode (4) can easily p revent an actual value of the 
temperature of the heated portion from exceeding 
the predetermined upper limit without an indispen- 
sable performance of integration of the plurality of is 
electric power-related values. 

In the apparatus according to this mode (4) the 
term a holding operation" may be defined as an o P - 

aTi° 0 , WhiCh ra ' e °' Ch3n 9 e in a s,ee ™9 
angle of the steenng wheel or an amount of change 20 

larger than a reference value. The term "a holding 
r r ?°rf 0maybedefinedasano P-ationdur 9 
-ng which the rate of change in the electric power- 
related value or an amount of change in the electric 2s 
power- rela)ed value , no , |arger than g referenc c 

(5) The apparatus according to the above mode (4) 
further comprising a second allowable time period 

when a time-dependent change of the electric pow- 
er -related value occurs, whose amount is not less 
than a predetermined reference value thereof dur- 
ing the holding operation, estimating the tempera- 
ture 6 oHnlT Tl Ch '* an inCrSaSe ° f ,he ,em P e ^- ss 
ture of the heated portion from that at the initiation 

point o time of the holding operation, on the basis 
of an mtegrated value of the plurality of electric pow- 
er-related values obtained during a period from the 
initiate point of time of the holding operation to the 40 
change po.nt of time, and for estimating a time pe- 
nod wh,ch is expected to pass from L change 
point of lime until the temperature of the heated por- 
t.on has reached the reference temperature, on the 

crZ ° 1 thG eS,ima,ed ^Perature in- <s 

crease and the mrtial temperature of the heated por- 
t.or, and the electric power-related value obtained 
at the change po.nt of time, the estimated time pe- 
riod be,ng defined as a second allowable supply 
time penod for the elects power supply to the mo so 

There exists a fact that the electric power-relat- 
ed value, ,. e., a physical quantity related to the tem- 
perature of the heated portion can va ry even during 
a holding operation of the steering wheel by the ve ss 
hide operator. There also exists a fact that the tem- 
perature of the heated portion when a time-depend- 
ent change in the electric power-related value can 
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be estimated on (he basis of an integrated value of 
a pluralrty of electric-power related values which 
have been Obtained since the initiation of the hold- 

'ZZ^- ,he initial tem Perature of the 
heated portion. In light of these facts, the apparatus 

accord.n 9 ,othi S mode(5)determinesatime P eriod 
which ,s estimated to pass from the occurrence of 
he Impendent change until the temperature of 
the heated portion has reached a reference temoer- 

!ie to" S6COnd a " OWab,e SUPPlV ,ime Peri ° d ,or 
Accordingly, the apparatus according to this 
mode (5) can prevent an actual value of the tem- 
perature of the heated portion from exceeding the 
predetermined upper limit thereof due to a time-de- 
pendent change in the electric-power-related value 
during a holding operation of the steering wheel by 
the vehicle operator. y 
(6) The apparatus according to Ihe above mode (4) 
or (5), wherein the allowable time period determin- 
ing means comprises: 

a first means for determining an allowable in- 
crease of the temperature of the heated portion 
on the basis of a difference between the refer- 
ence temperature and the initial temperature of 
the heated portion, and 
a second means for determining the allowable 
supply time period corresponding to both the 
electric power-related value obtained at the in- 
itiation point of time of the holding operation 
and the determined allowable increase of the 
heated portion, according to a predetermined 
relationship among the electric power-related 
value obtained at the initiation point of time of 
the holding operation, the allowable increase 
and the allowable supply time period 



(7) The apparatus according to the above mode (6) 
wherein the second means comprises a means for 
det ermlnin g the allowable supply time period such 
hat the allowable supply time period decreases as 
the allowable increase decreases, and decreases 
as the electric power-related value at the initiation 
pant of time of the holding operation increases 
(8) The apparatus according to any one of the 
above modes (l)- (7 ), wherein the power supply re- 
stricting device comprises an initial temperature de- 
termining means for determining an ambient tem- 
perature of the heated portion at the reference point 
of time, as the initial temperature of the heated por- 

(9) The apparatus according to any one of the 
above modes (l)-( 8 ), further comprising a torque 
detecting device detecting the steering torque the 
torque detecting device including a temperature 
sensor detecting a temperature of the torque de- 
tecting device, the power supply restricting device 
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comprising an initial temperature obtaining means 
for obtaining the initial temperature of the heated 
portion on the basis of the temperature detected by 
the temperature sensor. 

In the apparatus according to this mode (9), the 
same temperature sensor performs both detection 
of the temperature of the heated portion and acqui- 
sition of an initial temperature of the heated portion- 
Accordingly, the apparatus according to this mode 

(9) can eliminate the total number of temperature 
sensors installed in an automotive vehicle, com- 
pared with the case where detection of the temper- 
ature of the heated portion and acquisition of an in- 
itial temperature of the heated portion are separate- 
ly performed by respective temperature sensors. As 
a result, the apparatus according to this mode (9) 
can reduce increase in the cost of the apparatus 
due to the addition of a function for obtaining the 
temperature of the heated portion. 

(10) The apparatus according to the above mode 
(9), wherein the temperature sensor is located near 
the heated portion in the electrically operated power 
steering apparatus. 

(11) The apparatus according to the above mode 
(9) or (10), wherein the temperature sensor detects 
the temperature of the torque detecting device as a 
temperature to be changed according to a substan- 
tially constant correlation thereof with an ambient 
temperature of the heated portion. 

(12) The apparatus according to any lone of the 
above modes (9)-(11), wherein the controlling de- 
vice comprises a means for controlling the electric 
power supply to the motor on the basis of the steer- 
ing torque detected by the torque detecting device. 

(1 3) The apparatus according to the above mode 
(1), wherein the power supply restricting device 
comprises: 

a first allowable supply time period determining 
means for using an initiation point of time of one 
continuous steering operation of the steering 
wheel by the vehicle operator, and for determin- 
ing a time period which is expected to pass from 
the initiation point of one continuous steering 
operation until the temperature of the heated 
portion has reached a reference temperature at 
which the restriction on the electric power sup- 
ply to the motor is to be initiated, on the basis 
of the initial temperature of the heated portion, 
a reference temperature formulated to be lower 
than the predetermined upper limit, and the 
electric power-related value obtained at the in- 
itiation point of time of one continuous steering 
operation, the determined time period being de- 
fined as a first allowable supply time period for 
the electric power supply to the motor; and 
a second allowable supply time period deter- 
mining means for, at each one of a plurality of 



discrete points of time after the initiation point 
of time of one continuous steering operation, 
estimating the temperature increase which is 
an increase of the temperature of the heated 

s portion from that at the initiation point of time of 

one continuous steering operation, on the basis 
of an integrated value of at least one of the plu- 
rality of electrical power-related values which 
has been obtained since the initiation point of 

w time of one continuous steering operation, and 

for determining a time period which is expected 
to pass from each one of the plurality of discrete 
points of time until the temperature of the heat- 
ed portion has reached the reference tempera- 

15 ture, on the basis of a sum of the estimated tem- 

perature increase and the initial temperature of 
the heated portion, and the electric power-re- 
lated value obtained at a corresponding one of 
the plurality of discrete points of time, the de- 

20 termined time period being defined as a second 

allowable supply time period for the electric 
power supply to the motor; and 
a supply restricting means for starting restrict- 
ing the power supply to the motor when the first 

25 or second allowable supply time period deter- 

mined by the first or second allowable supply 
time period determining means has passed. 

[0010] The apparatus according to this mode (13) can 
30 prevent an actual value of the temperature of the heated 
portion from exceeding the predetermined upper limit, 
according to the principle corresponding to a principle 
which is employed in the apparatus according to the 
above mode (4). 
35 [0011] The apparatus according to this mode (13) 
may be used, irrespective of whether one continuous 
steering operation set forth in this mode (13) is defined 
as the holding operation set forth in the above mode (4). 

40 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0012] The foregoing summary, as well as the follow- 
ing detailed description of preferred embodiments of the 

45 invention, will be better understood when read in con- 
junction with the appended drawings. For the purpose 
of illustrating the invention, there is shown in the draw- 
ings embodiments which are presently preferred. It 
should be understood, however, that the invention is not 

so limited to the precise arrangements and instrumentali- 
ties shown. In the drawings: 

Fig. 1 is a cross sectional front view illustrating a 
mechanical arrangement of an electrically operated 
55 power steering apparatus constructed according to 
a first embodiment of this invention; 
Fig. 2 is a cross sectional front view exclusively il- 
lustrating in enlargement a gear box 60 of Fig. 1; 



11 



EP 1 057 715 A2 



F.g. 3 is an electric circuit diagram illustrating a 
o^que detecting device 80 equipped with the elec 
tncallyoperatedpowersteeringapparatusofFiq 1- 
Fig. 4 .s a block diagram illustrating a software ar- 
rangement of the electrically operated poweTs.ee 
mg apparatus of Fig. 1 ; H er 

Fig. 5 isaflow chart illustrating a motor temperature 
estimation routine executed by a computer 100 of 

t wL!i S a ,? raph represen,i "9 * relationship be- 

uTe 9 oM h r P r atUre Gc ^ an ini,ia, ,em P e - 
ure e M0 of the motor utilized in the motor tempera- 
ture estimation routine of Fig 5 - P 
Fig 7 is a flow chart illustrating a reference motor- 
curren.-value determination routine executed by 
the computer 100 of Fig. 4- y 

Fig^isaflowchartillustrat'ingadesired motor-cur- 
rent-value determination routine executed by the 
computer 100 of Fig. 4, y 
Fig. 9 isaflow chart illustrating a motor drive routine 
executed by the computer 100 of Fig 4 - 

T fn l 0 li 9faPh eXP ' aimn9 Chan 9 es with «™ 
Tin a motor-current-value I, a coil temperature e 

and a motor temperature 9 M in the electrically op- 
erated power steering apparatus of Fig 1- 
Fig. 1 1 is a flow chart representing a desired motor- 
current-value determination routine executed by a 
computer ,n an electrically operated power steering 
apparatus constructed according ,o a second em 
bod.ment of the present invention- 
s'. 2 13 M 9raPh il,US,ra,in9 3 rel ^ionship among 
an allowable temperature increase A6, an actual 
motor current-value , ac) at the initiation of a holding 
opera„on of a steering wheel by a vehicle operator 

the H Wabl6 SUPP ' y ,lme P eriod T ° ^d in 

T?n 1 m? 9faPh eXP,ain,n9 Chan 9 es with <>™ 
T n a motor-current-value I by execution of the de- 

Fig 11 and" CUrrent " Va,Ue de,ermina,i °" ™tine of 

cLnV S f' 0 ! Char,repreSen,in9adesired ^'or- 
current-value determination routine executed by a 
computer ,n an electrically operated power steer ng 

iment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0013] | n the drawings, like numerals are used to in 
dicate like elements throughout 

aTecLSf 9 firSt '° 1 ' ,h6re Wi " be de ^ed 
a mechanical arrangement of a first embodiment of thp 
present invention * the form o, an 

as a Bering apparatus") for an automotive vehide 
The steering apparatus includes a steering shaft /nS 
shown) rotatable with a steering whee. 10.The Se " 



.he's, "I 0 " 6 °' ^ ,here °' Which is 'rom 
he steering whee. 1 0. to one end of a torsion bar 20. 

10015] The steering apparatus further includes a oair 

a2£, • reSpeC,ive '* ^e pair of knuckles are 
attached to a pa.r of steerable wheels 24, 24 (e q a 
ron, set of steerable wheels, of the vehicle respeSve 
J^hepatrof tie rods 22,22 are connected to each other 
of the vehicle such that the pair of tie rods 22 22 are 

moTsi \T f0latab,e rS,a,iVe ,0 ,he veering rcxf 26 

low mini S,6erin9 apP3ra,US further inclu des a hoi- 

vehid" th 30 ,iXed ' y m0Un,ed a < a °ody of the 
vehicle. The mam housing 30 is passed through by the 
steer^ rod 26 with a radja , c(earance 9h by Mhe 

mTorV^ 6 H main h ° USin9 30 fUrther ™moda.es a 

- zzxszzs: convertin9 mechanism in "» 

rSd ,o h ,hr ,0r ? 15 C ° nS,rUC,ed '° inC ' Ude a 
44 fixed ,o the main housing 30 and a cylindrical rotor 

to Z iTrl ^ r ° ,0r 46 bSin9 -^bly C 
to each other. The rotor 46 is supported on the main 

rorTl 30 3 P ' Ura,ity °' bearin 9 s 48 -ch mauhe 
to the l' S H°' alab,e bUt iS n0t ™able rela, ve 

he slTo 1 30 ' Am ° 10r COil 50 is woundaround 
the stator 44, and a cylindrical magnet 52 is fixed to th» 
rotor 46 a, its outer circumference,'^ rotor 46 ,s o a, 

o'f th! 8 T* * interaC,i °' 1 ° f an magnet to e 
of the motor coil 50 and a magnetic force of The magnet 

[001 9] The ball screw 42 identified above is in the form 

- mS^SSi 3 54 3 Sha « 56 wherein^ 
nut 54 and shaft 56 are rotatably fitted to each other via 
a plurahty of balls. The nut 54 is coaxially fixed to the 

toJrintro^e^ 56 * ^ a < ^ 

steering rod 26 described above. In the ball screw 42 

box sn Steerin9 appara,US ,ur1her inclu des a gear 
box 60 i, " en ' ar9ed Vi6W °' Fi 9- 2. the gea 

box60,se q u,ppedwith(a)agearboxhousing62fixedly 

throuoh PP ° rted ° n the 9ear box ho ^ing 62 

through a bearing 64. A pinion 68 is coaxially and inte- 
grally ormed a, the pinion shaft 66. The steering ro^ e 
^msapaneportiononitsoutercircumferentialsurface 

» -no rod 26 ° n ^ " ^ With ,ne 

ng rod 26, forming a rack 70. The rack 70 meshes with 

the pinion 68 explained above, whereby thT rack 70 
axially moved due to a rotation of the pinion 68 Thlt is 
mey cooperate with each other.o constitute a so-ca d 
« rod 26 tTr, meChaniSm - Cons "> ue <%. thesteering 

scribeS f6ma,nin9 6nd °' ,he ,orsion °ar 20 de- 
scribed above so as topermi. the pinion 68 to rotate with 
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the steering wheel 1 0 mentioned above. 
[0021] When the vehicle operator applies a steering 
torque to the steering wheel 10, the torsion bar 20 is 
then twisted accordingly. In addition, there is estab- 
lished a constant relationship between the magnitude of 
the steering torque and an angle of twist of the torsion 
bar 20. Consequently, the magnitude of the steering 
torque can be detected from the angle of twist of the 
torsion bar 20. In the present embodiment, for obtaining 
the angle of twist of the torsion bar 26, the torsion bar 
26 extends through a rotatable member in the form of a 
sleeve 74. One of opposite ends of the sleeve 74 is fixed 
to one of opposite ends of the torsion bad 20 which is 
remote from the other end at which the torsion bar 20 is 
connected to the pinion shaft 66. The other end of the 
sleeve 74 is rotatably fitted with the pinion shaft 66. The 
sleeve 74 is rotatably supported at the gear box housing 
82 described above via a bearing 76. 
[0022] The gear box 60 is equipped with a torque de- 
tecting device 80 detecting the steering torque applied 
to the steering wheel 10 using the sleeve 74 described 
above. The torque detecting device 80 accommodates 
a first member 82 and a second member 84. The first 
member 82 iscoaxialtyfixedtothesleeve74on its outer 
side so that the first member 82 rotates with the sleeve 
74. On the other hand, the second member 84 is fixed 
to the pinion shaft 66 at a position at which the second 
member 84 is coaxially opposing to the pinion shaft 66 
and which is close to the pinion shaft 66. The first mem- 
ber 82 has a plurality of teeth (not shown) forming one 
circular line on a first member end face which is one of 
opposite end faces of the first member 82 opposing to 
the second member 84. Similarly, the second member 
84 has a plurality of teeth (not shown) forming one cir- 
cular line on a second member end face which is one of 
opposite end faces of the second member 84 opposing 
to the first member 82. Consequently, depending upon 
a change in a relative angular position between the first 
and second member end face, an area (hereinafter re- 
ferred to as "an overlapping area") of a portion where a 
tip of each tooth on the first member end face and a tip 
of each tooth on the second member end face overlap 
each other is changed. 

[0023] The torque detecting device 80 explained 
above is further equipped with a ring-shaped coil 90 for 
detecting a torque, coaxially with the first and second 
member 82, 84. The coil 90 is fixed to the gear box hous- 
ing 62 described above on the outside of the first and 
second member 82, 84 at a position close to the first 
and second member end face mentioned above, via a 
small clearance. The coil 90 is surrounded by a member 
91 for facilitating a magnetic path to be formed therein 
on the outside of the coil 90. When a magnetic flux is 
generated within the coil 90, the magnetic flux passes 
through the first and second member 82, 84 together, 
with a permeance of the magnetic flux being changed 
depending upon the overlapping area described above. 
This means that an inductance of the coil 90 is changed 



relying on the overlapping area. Eventually, the induct- 
ance of the coil 90 is changed depending upon the mag- 
nitude of the steering torque of the steering wheel 10. 
[0024] The torque detecting device 80 further in- 
5 eludes a torque detecting circuit 92 shown in Fig. 3. As 
shown in Fig. 2, the torque detecting device 80 is mount- 
ed at the main housing 62 described above. As shown 
in Fig. 3, the torque detecting circuit 92 is equipped with 
a resistor 93 connected tb the coil 90 explained above 
io in series therewith, and an oscillation circuit 94 connect- 
ed to the resistor 93. The oscillation circuit 94 outputs a 
predetermined pulse signal to the coil 90 through the 
resistor 93. The torque detecting circuit 92 further in- 
cludes a torque signal generating circuit 95. The torque 
is signal generating circuit 95 receives a signal output from 
the coil 90 in response to the pulse signal from the os- 
cillation circuit 94, and then generates a torque signal 
representing the inductance of the coil 94, that is, the 
steering torque of the steering wheel 10. Additionally, 
the torque signal generating circuit 95 outputs the gen- 
erated torque signal to a motor controller 96 (See Fig. 4). 
[0025] The torque detecting device 92 further in- 
cludes a temperature detecting circuit 98 connected to 
the coil 90 explained above. The temperature detecting 
circuit 98 detects the temperature of the coil 90 on the 
basis of a resistance thereof, and outputs a coil temper- 
ature signal representing the detected temperature of 
the coil 90. The motor controller 96 calculates a provi- 
sional value of the steering torque on the basis of the 
received torque signal, and then corrects the previously 
calculated provisional value of the steering torque into 
a final value which does not depend on the temperature 
of the coil 90, on the basis of the received coil temper- 
ature signal. 

[0026] It is added that, although temperature compen- 
sation is thus performed in order that a change in the 
finally detected steering torque due to change in the 
temperature of the coil 90 to be compensated, using a 
computer in a software manner in the present embodi- 
ment, the temperature compensation may be performed 
using an electrical circuit in a hardware manner by ac- 
cepting an arrangement where an additional coil of the 
same type with the coil 90 is disposed close to the coil 
90 as a coil for detecting the temperature of the coil 90, 
and a component of the torque signal output from the 
coil 90 depending upon the temperature thereof is can- 
celled by a coil temperature signal output from the ad- 
ditional coil. 

[0027] A software arrangement of the present steer- 
ing apparatus is illustrated in Fig. 4. The steering appa- 
ratus includes the motor controller 96 mentioned above. 
The motor controller 96 is principally constructed by a 
computer incorporating a central processing unit (CPU), 
a read-only memory (ROM), and a random-access 
memory (RAM). To the input side of the motor controller 
96, there are connected the torque detecting device 80 
described above, and a motor-current-value sensor 
1 1 0. The motor-current -value sensor 1 1 0 detects an ac- 
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described. In each cycle of execution of this routine, step 
S21 is initially implemented to read the steering torque 
t from the torque detecting device 80. This routine then 
proceeds to step S22 where the reference motor-cur- 
rent-value l REF is determined on the basis of the previ- 
ously read steering torque t. The reference motor-cur- 
rent-value Iref ' s a current value which is allowed to be 
supplied to the motor coil 50 when the motor-tempera- 
ture 0 M has not exceeded a predetermined upper limit 
temperature 6 L , MIT . In the present embodiment, the 
ROM has stored a relationship between the steering 
torque t and the reference motor-current-value l REF , in 
the form of a table, a map, an expression, etc. According 
to the stored relationship, the reference motor-current- 
value l REF is determined from the steering torque t. The 
determined reference motor-current-value l REF is stored 
in the RAM described above. Then, one cycle of execu- 
tion of this routine is terminated. 
[0038] The desired motor-current-value determina- 
tion routine mentioned above is illustrated in the flow 
chart of Fig. 8. This routine is cyclically executed by the 
computer 100, like the other routines as already de- 
scribed. In each cycle of execution of this routine, step 
S41 is initially implemented to read a present value of 
the estimated motor-temperature 8 M from the RAM. This 
routine then proceeds to step S42 where a determina- 
tion is made as to whether the estimated motor-temper- 
ature e M is not lower than a predetermined reference 
temperature 9 REF lower than the upper limit temperature 
6 limit- lf tne estimated motor-temperature 6 M is lower 
than the predetermined reference temperature 6 REF , the 
determination is negative, and then this routine pro- 
ceeds to step S43. In this step, a present value of the 
reference motor-current-value ! REF is read out from the 
RAM, and then the reference motor-current-value l REF 
as such is utilized as a present value of the desired mo- 
tor-current-value I*. The desired motor-current-value I* 
is stored in the RAM. Then, one cycle of execution of 
this routine is terminated. 

[0039] To the contrary, if the estimated motor-temper- 
ature 9 M is not lower than the predetermined reference 
temperature 8 REF , the determination in step S42 is af- 
firmative, and then this routine proceeds to step S44 
where the restriction on the electric power supply to the 
motor 40 is effected. Described in more detail, a present 
value of the reference motor-current-value l REF is read 
out from the RAM, the reference motor-current-value 
l REF is then multiplied by a predetermined correction 
factor k larger than "0" and smaller than M 1 ." The prede- 
termined correction factor k is determined such that it 
decreases as a difference between the estimated mo- 
tor-temperature 9 M at that time and the upper limit tem- 
perature 6 LtM iT decreases, whereby the motor-temper- 
ature e M is prevented from exceeding the upper limit 
temperature 6 L | M(T after initiation of the restriction on the 
electric power supply to the motor 40. A product of the 
reference motor-current-value l REF and the correction 
factor k is stored as a present value of the desired motor- 



current-value I* in the RAM. Then, one cycle of execu- 
tion of this routine is terminated. 
[0040] The motor drive routine is illustrated in the flow 
chart of Fig. 9. This routine is cyclically executed by the 
5 computer 100, like the other routines as already de- 
scribed. In each cycle of execution ol this routine, step 
S61 is initially implemented to read a present value of 
the desired motor-current-value I* from the RAM. This 
routine then proceeds to step S62 to read the actual mo- 
10 tor-current-value lact from the motor-current-value sen- 
sor 1 1 0. In the step S63, a motor drive signal suitable to 
be supplied to the motor coil 50 for substantial coinci- 
dence of the actual motor-current-value l act with the de- 
sire motor-current-value I* is determined by feedback of 
15 the actual motor-current-value l act In step S64, the de- 
termined motor drive signal is then supplied to the motor 
coil 50 thereby driving the motor 40. Then, one cycle of 
execution of this routine is terminated. 
[0041] Changes with time -c in the reference motor- 
ic current-value t REF , the desire motor-current-value I*. the 
coil-temperature 9 C (not by its actual value but by its de- 
tected value), and the motor-temperature 0 M are illus- 
trated in the graph of Fig. 10. Referring to Fig. 10, when 
the motor-temperature 8 M is raised to the reference mo- 
25 tor-current-value l REF , the restriction on the electric 
power supply to the motor coil 50 is initiated, whereby 
the desire motor-current-value I* is reduced below the 
reference motor-current-value l REF . Consequently, an 
increasing gradient of the motor-temperature 0 M be- 
30 comes more gentle, and as a result, the motor-temper- 
ature 6 M is prevented from exceeding the upper limit 
temperature Gumit- 

[0042] It will be understood from the foregoing de- 
scription of the present embodiment that the motor coil 

35 50 constitutes an example of a "heated portion'' of the 
steering apparatus, a portion of the motor controller 96 
assigned to execute the reference motor-current-value 
determination routine of Fig. 7, to implement step S43 
of the desired motor-current-value determination rou- 

40 tine of Fig. 8, and to execute the motor drive routine of 
Fig. 9 cooperates with the torque detecting device 80 
and the motor-current-value sensor 1 1 0 to constitute an 
example of a "controlling device" of the steering appa- 
ratus, and a portion of the motor controller 96 assigned 

45 to execute the motor-temperature estimation routine of 
Fig. 5 and steps S41 , S42, and S44 of the desired motor- 
current-value determination routine of Fig. 8 constitutes 
an example of a "power supply restricting device" of the 
steering apparatus. Moreover, a portion of the motor 

so controller 96 assigned to execute the motor-tempera- 
ture estimation routine of Fig. 5 constitutes an example 
of a "temperature estimating means" of the steering ap- 
paratus, and a portion of the motor controller 96 as- 
signed to implement steps S42 and S44 of Fig. 8 con- 

55 stitutes an example of a "power supply restricting 
means" of the steering apparatus. Furthermore, the coil 
90 for detecting the steering torque and the temperature 
detecting circuit 98 cooperate with each other to consti- 
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S111, a present value of the reference motor-current- 
value Iref is read from tne RAM - and lnen tne reference 
motor-current-value l REF itself is used as a desired mo- 
tor-current-value I*. The desired motor-current-value I* 
is stored in the RAM. This routine then returns to step 
S109. 

[0050] If the present value of the passed time T be- 
comes not shorter than the allowable supply time period 
T 0 during repeated execution of a loop including steps 
S109-S111, the determination in step S109 is affirma- 
tive, and then, in step S11 2, the restriction on the electric 
power to the motor 40 is effected. More specifically, a 
present value of the reference motor-current-value l REF 
is read out from the RAM, the reference motor-current- 
value l REF is multiplied by a predetermined correction 
factor k (here a fixed constant value) larger than "0" and 
smaller than "1." The result of multiplication is used as 
a new value of the desired motor-current-value t*. The 
desired motor-current-value I* is stored in the RAM. 
[0051] In step S113, the actual motor-current-values 
l act is then read out from the motor-current-value sensor 
110, and a determination is then made as to whether a 
condition that the actual motor-current -values l act is sub- 
stantially equal to zero has been consecutively repeated 
a predetermined number of times. This step is imple- 
mented to determine whether the holding operation of 
the steering wheel 10 by the vehicle operator has been 
terminated or not. If the condition above-mentioned has 
not yet been consecutively repeated the predetermined 
number of times, the determination is negative, and then 
this routine proceeds back to step S 1 1 2. To the contrary, 
if the condition above-identified has been consecutively 
repeated the predetermined number of times, the deter- 
mination is affirmative, and then one cycle of execution 
of this routine is terminated. 

[0052] Changes with time t in a relationship between 
the reference motor-current-value l REF and the desired 
motor-current-value I* is illustrated in the graph of Fig. 
1 3. Upon initiation of a holding operation of the steering 
wheel 10, the allowable supply time period T 0 is deter- 
mined on the basis of the actual motor-current-values 
l act and the allowable temperature-increase A0. If the 
allowable supply time period T 0 has passed since the 
initiation of the holding operation, the desired motor-cur- 
rent-value I* is reduced below the reference motor-cur- 
rent-value l REF . The reduction means to restrict the elec- 
tric power supply to the motor 40, thereby preventing 
the motor-temperature 0 from exceeding the upper limit 
temperature 6 L iMrr- 

[0053] It will be understood from the foregoing de- 
scription of the present embodiment that the motor coil 
50 constitutes an example of a "heated portion" of the 
steering apparatus, a portion of the motor controller 96 
assigned to execute the reference motor-current-value 
determination routine of Fig. 7, to implement step S111 
of the desired motor-current-value determination rou- 
tine of Fig. 1 1 , and to execute the motor drive routine of 
Fig. 9 cooperates with the torque detecting device 80 



and the motor-current-value sensor 1 10 to constitute an 
example of a "controlling device" of the steering appa- 
ratus, and a portion of the motor controller 96 assigned 
to implement steps St 01 -S1 10, S112 and S113 of the 
5 desired motor-current-value determination routine of 
Fig. 11 constitutes an example of a "power supply re- 
stricting device" of the steering apparatus. Moreover, a 
portion of the motor controller 96 assigned to implement 
steps S101-S107 of Fig. 11 constitutes an example of 
10 an "allowable supply time period determining means" of 
the steering apparatus, and a portion of the motor con- 
troller 96 assigned to implement steps S1 08-S11 0, S1 1 2 
and S11 3 of Fig. 11 constitutes an example of a "power 
supply restricting means" of the steering apparatus. Fur- 
75 thermore, the coil 90 for detecting the steering torque 
and the temperature detecting circuit 98 cooperate with 
each other to constitute an example of a "temperature 
sensor" of the steering apparatus, and a portion of the 
motor controller 96 assigned to implement steps S3 and 
20 S4 of Fig. 5 constitutes an example of an "initial temper- 
ature determining means" of the steering apparatus. 
[0054] There will next be described an electrically op- 
erated power steering apparatus for an automotive ve- 
hicle, constructed according to a third embodiment of 
25 this invention. However, since the third embodiment is 
similar to the second embodiment in many elements ex- 
cept ones associated with a desired motor-current-val- 
ue determination routine, only this routine will be de- 
scribed in detail, while those similar elements will be 
30 identified by the same reference signs as used in the 
second embodiment, for omission of detailed and re- 
dundant description on those similar elements in de- 
scription of the third embodiment 
[0055] In the second embodiment, the allowable sup- 
35 ply time period T 0 is determined only once at initiation 
of a continuous holding operation of the steering wheel 
10 during the continuous holding operation. In the 
present embodiment, additionally, at a point of time 
when an amount of time-dependent change in the actual 
40 motor-current-values l act becomes not less than a pre- 
determined reference value during the continuous hold- 
ing operation, an actual increase A6 act of the actual mo- 
tor-temperature 0 from that at the initiation of the con- 
tinuous holding operation, on the basis of an integrated 
45 value of a plurality of actual motor-current -values lact 
obtained from the initiation of the continuous holding op- 
eration to the occurrence of the excessive amount of 
time-dependent change identified above. Furthermore, 
in the present embodiment, a second allowable supply 
so time period T 0 is determined as a time period which is 
expected to pass since the occurrence of the excessive 
amount of time-dependent change until the actual mo- 
tor-temperature e M has reached the reference temper- 
ature 0 REF , on the basis of a sum of the estimated in- 
55 crease AOand the initial motor-temperature 8 M0 . and the 
actual motor-current-values l act at the initiation of the 
continuous holding operation. 

[0056] A desired motor-current-value determination 
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ou,,ne used in the present embodiment is illustrated in 

cZZtT of Fig 14 This routine is e - 

thil ro^ PU ' er 100 EaCh C y cle of exe ™ ion of 

<h s rout.ne ,s mit.ated with step S201 in which a deter- 
mine on ,s made as , 0 whether a continuous holding s 
operation o, ,he steering wheel 1 o has been initiated in 
the same manner as steps S101 - S103 in the second 

StedT^ 

initiated, the determination is affirmath/e, and then the 
computer 1 00 implements steps S202-S205 in the sa m e w 
manner as steps S101-S107 in the second embS 

[0057] m step S206, the passed time T as already de- 
scribed ,n relation to the second embodiment is resen 0 

an7ZlH y W ' th S,6P 8108 in ' he Second embodiment « 
and then this routine proceeds to step S207 where a 
determmation is made as to whether a present TJueol 

P y time period T 0 previously determined in step S205 
the P re Sen , value of the passed time T is shorter than 20 
rmi I™ 6 " a " 0Wable SUPp,y ,ime perbd T o- 'he de 

0 sZspnp n ! 9a,ive ' and ,hen this rou,ine !«—* 

to step S208 where an amount Al of change of a cur- 
e ly detected value , acI(n) from a previous* detected 
value l act(n-i)Oftheactualmotor^current-valuel , is not 25 
lessthanareferencevalueA. If the amount Al of clTge 
-s less than the reference value A, the determination Is 

Sn^ 

St2 in 1 S3me manner as s,e P s s "° and 

ceP H h ! ° nd embodimen '- This routine then pro- so 
ceeds back to step S207 

SM^Tl^T™ im P |emen ^-n of s ,e P s 
S207-S210, ,f the determination in step S208 is affirm- 
ative and then this routine proceeds to step S211 7n 



24 



or-current-valuesl act ob,ainedfromatimewhenthede- 
.ermina on in step S210 has become affirma. ve (i e 

fTrmativ. n T?' °° h S ' ep 8208 has bec °™ af- 
amoumAli, h ° CCUrrence °' ,he ex «ssive « 

the « n9e) iS CalCU,a,ed Further ' in 'h^ step 

ure e , heT 386 ^ « ,hS aC * Ual mol -'empera P : 
ture e a the occurrence of the excessive amount Al of 
change from that at the initiation of the continuous hold- 
ing operation ,s calculated on the basis of the calcutoed 45 
integrated value. The estimation is performed n h 1 
same manner as in step S203 
[0059] m st e P S2 1 2, the actual motor-temperature e 
ti m r - a ™" - the w*, tj,^ 

„ Bmo and ,he estimated actual increase A9 and an so 
allowable increase A9 is determined by suSino the 

iTLt::r T Nempera,ure e - X! 

ence temperature 9 REF . This routine then proceeds 
ba kt 0 sle p S205 wherejn an new g||ow P creeds 

2 ;! c de,erm : ned °" lhe basis °< 'he determS 5 5 
allowable increase A6 and a present value of the actual 
motor-temperature ^ (i.e., a sum of the estimated in 

crease Aeandtheinitialmotor-temperatureelTandac 



Z^Z Prede,ermined relationship between the al- 
lowable increase AG and the actual motor-temperature 
Jm, represented by a graph similar to the graph of Fig 

passed^ 6 ,h6n Pf0CeedS ,0 S,SP 3206 whe ™ »S 
Too] 2 2 I" reset,0 ^°- Afterwards, thecomputer 
100 implements steps including step S207 and the fol- 

[0060] Then, if a present value of the passed time T 
has become not less than the present value of the a - 

S207 ; T* i ime period t °' ,he 

S207 is affirmatrve, and then the computer 100 imple 
ments steps S213 and S214 in the same manner asTn 
steps S112 and SH3. Then, one cycle of execu on o 
this routine is terminated. 
[0061, „ wjll be appreciated by those skj||ed 

cledT 5 "*£ ^ made ,0 the emb °dimen«s de- 
scribed above without departing from the broad inven- 
tive concept thereof. I, is understood, therefore thatthte 
invention is not limited to the particular embo^en ts 
disc osed, but ,. is intended tocover modifications with n 
the . spjn and scope of the present invention as defined 
by the appended claims 

[0062] An electrically operated power steering appa- 
.0 be T 9n a l° mo,ive Chicle having a steering wheel 
.0 be operated by the vehicle operator includes a motor 

andapower S upplyrestrictingdevi C e.Themo,orapplies 
a drive force thereof to a torque transmitting system s 0 

l!tT 3 f eriP9 ,0fqUe ap P" ed 10 'he steelg 
wheelbythe vehicle operator. The powersupply restrict 
ing dev,ce utilizes a temperature of a heated port o of 
the electrically operated power steering apparatus 

powder 7Z he 1 33 3 reSU " * 3 °< « 

powe to the motor, at a reference point of time, as an 

mZ of n 6 ° f h6a,ed ^ U,Mizes a 
ra ty of electnc power-related values each of which is 

related to at leas, one of a current and a voltage va ue 

,0 I ' 38 3 PlUfa,i,y ° f Physical ^antities related 
tc h emperature mcreases of the heated portion each of 
whu* ,s an increase of the temperature of the heated 

sTr, 7, ^ a ' re ' erenCe POin ' of 

stricts the elecre power supply ,0 the motor such that 

an actual value of the temperature of the heated portion 

does not exceed a predetermined upper limit thereof 

Claims 

1. An electrically operated power steering apparatus 
or an automot.ve vehicle having a steering wheel 
to be o p e rated by an operator of the vehicle and a 
steerable wheel thereof laying on a road surface 
comprising: 

a torque transmitting system transmitting a 
steering torque which is applied to the steering 
wheel by the operator, to the steerable wheel 
a motor applying a drive force thereof to the 
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torque transmitting system so as to assist the 
steering torque; 

a controlling device controlling an electric pow- 
er supply to the motor, thereby permitting re- 
duction in a required value of the steering s 
torque with the assist of the drive force of the 
motor; and 

a power supply restricting device utilizing a 
temperature of a heated portion of the electri- 
cally operated power steering apparatus which 10 
emits heat as a result of the electric power sup- 
ply to the motor, at a reference point of time, as 
an initial temperature of the heated portion, uti- 
lizing a plurality of electric power-related values 
each of which is related to at least one of a cur- ^ 
rent and a voltage value of the motor, as a plu- 
rality of physical quantities related to tempera- 
ture increases of the heated portion each of 
which is an increase of the temperature of the 
heated portion from that at the reference point 20 
of time, and restricting the electric power supply 
to the motor such that an actual value of the 
temperature of the heated portion does not ex- 
ceed a predetermined upper limit thereof. 

25 

The apparatus according to Claim 1, wherein the 
power supply restricting device comprises: 

a temperature estimating means for repeating 
obtaining one of the plurality of electric power- 30 
related values after the reference point of time, 
for obtaining a sum of the plurality of electric 
power-related values which have been already 
obtained, each time a new one of the plurality 
of electric power-related values has been ob- 35 
tained, the obtained sum being defined as an 
integrated value of the already obtained plural- 
ity of electric power-related values, for estimat- 
ing the temperature increase of the heated por- 
tion on the basis of the obtained integrated val- *o 
ue, and for estimating the temperature of the 
heated portion at each one of a plurality of dis- 
crete points of time after the reference point of 
time, on the basis of the initial temperature and 
the estimated temperature increase of the heat- *5 
ed portion; and 

a power supply restricting means for restricting 
the electric power supply to the motor such that 
the actual value of the temperature of the heat- 
ed portion does not exceed the predetermined 50 
upper limit, on the basis of the estimated tem- 
perature of the heated portion. 

The apparatus according to Claim 2, wherein the 
power supply restricting means comprises a re- 55 
stricting amount determining means for, when the 
estimated temperature of the heated portion has 
reached a reference temperature formulated to be 



lower than the predetermined upper limit, restricting 
the electric power supply to the motor, and for re- 
peating determining a restricting amount by which 
the electric power supply to the motor is to be re- 
stricted, on the basis of the estimated temperature 
of the heated portion at a corresponding one of a 
plurality of discrete points of time. 

4. The apparatus according to Claim 1, wherein the 
power supply restricting device comprises: 

an allowable supply time period determining 
means for utilizing an initiation point of time of 
a holding operation of the steering wheel during 
which the vehicle operator is holding the steer- 
ing wheel substantially at one steering position 
thereof which is other than a neutral position 
thereof, and for determining a time period which 
is estimated to pass from the initiation point of 
time of the holding operation until the temper- 
ature of the heated portion has reached the ref- 
erence temperature, on the basis of the initial 
temperature of the heated portion, a reference 
temperature of the heated portion at which the 
restriction on the electric power supply to the 
motor is to be initiated, and the electric power- 
related value obtained at the initiation point of 
time of the holding operation, the determined 
time period being defined as an allowable sup- 
ply time period for the electric power supply to 
the motor; and 

a supply restricting means for starting restrict- 
ing the electric power supply to the motor when 
the determined allowable time period has 
passed. 

5. The apparatus according to Claim 4, further com- 
prising a second allowable time period determining 
means for, at a change point of time when a time- 
dependent change of the electric power-related val- 
ue occurs, whose amount is not less than a prede- 
termined reference value thereof, during the hold- 
ing operation, estimating the temperature increase 
which is an increase of the temperature of the heat- 
ed portion from that at the initiation point of time of 
the holding operation, on the basis of an integrated 
value of the plurality of electric power-related values 
obtained during a period from the initiation point of 
time of the holding operation to the change point of 
time, and for estimating a time period which is ex- 
pected to pass from the change point of time until 
the temperature of the heated portion has reached 
the reference temperature, on the basis of a sum of 
the estimated temperature increase and the initial 
temperature of the heated portion, and the electric 
power-related value obtained at the change point of 
time, the estimated time period being defined as a 
second allowable supply time period for the electric 
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power supply lo the motor. 

The apparatus according to Claim 4, wherein the 
allowable t,me period de, erminjng means 

It*! m f!. nS ,0r de,e ™ning an allowable in- 
crease of the temperature of the heated portion 
°n the basis of a difference between the refeT 

encetemperatureandtheinrtialt emperatureof 
the heated portion; and 

a second means for determining the allowable 
supply time period corresponding to both the 
electnc power-related value obtained at the in- 

and the determined allowable increase of the 
heated portion, according to a predetermined 
relanonshp among the electric power-related 
value ob.amed at the fnrtiation point of time of 
the folding operation, the allowable increase, 
and the allowable supply time period. 

7. The apparatus according to Claim 6, wherein the 

he al m r S C0 T iS6S ' m6anS f0r de,e ™^ 
he allowable supply time period such that the al 

lowab.e supp,y time period decreases as the ar- 
able mcrease decreases, and decreases as the 
electnc power-related value at the initiation P c n t of 
t-me of the holding operation increases. 

8- The apparatus according to Claim 1, wherein the 

t~u P r?dT ,riC,in9 C ° mpriSeS « 

arSf , de,erm,mn 9 mea "s for determining an 
amb ent temperature of the heated portion at, he 
efe^nce po.nt of time, as the initial temperature of 
the heated portion. H^'cure oi 
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9- The apparatus according to Claim 1, further com- 
posing a torque detecting device detect'g T e 
steering torque, the torque detecting device includ 
-ng e .temperature sensor detecting temp a r e 
o the torque detecting device, the power supply re 
stn „ng device comprising an initial lempeXe 

ture oMh 9 ,0f ° btainin 9 the »"«al tempt* 

ture of the heated portion on the basis of the tern- « 
perature detected by the temperature sensor 

10. The apparatus according to Claim 9, wherein the 
emperature sensor is .ocated near the heated por 

paTatus ****** *°™ S,eeri "9 V 50 

11. The apparatus according to Claim 9, wherein the 
temperature sensor detects the temperature of the 

ha^ed ' eCti ?, 9 d6ViCe 35 9 tem ° era <^ «o be ss 
changed accord.ng to a substantially constant cor- 



12. The apparatus according to Claim 9, wherein the 
conning device comprises a means for control 
hng he electric power supply to the motor on the 

13. The apparatus according to Claim 1, wherein the 
power supply restricting device comprises 

a first allowable supply time period determining 
means for using an initiation point of time of one 
continuous steering operation of the steering 

wheelbythevehicleoperator.andfordetermin 
ing a time period which is expectedto pass from 
the rnitiation point of one continuous steering 
operation until the temperature of the heated 
port.cn has reached a reference temperature at 
wh,ch the restriction on the electric power sup- 
P y to the motor is to be initiated, on the basis 
of the m.t.al temperature of the heated portion 
a reference temperature formulated to be lower 
than the predetermined upper limit, and the 
electnc power-related value obtained at the in- 
itiation point of time of one continuous steering 
operation, the determined time period being de 
fined as a first allowable supply , ime period for 
the electric power supply to the motor and 
a second allowable supply ljme period deter- 
mining means for, at each one of a plurality of 
d screte po.nts of time after the initiation point 

1 ™, ° f T C ° ntlnUOUS S ' eerin 9 °P erati °n, 
estimating the temperature increase which is 

an increase of the temperature of the heated 
portion from that at the initiation point of time of 
one continuous steering operation, on the basis 
of an .ntegrated value of at least one of the plu- 
rality of electrical power-related values which 
has been obtained since the initiation point of 
.me of one continuous steering operation, and 
or determining a time period which is expected 
to pass from each one of the plurality of discrete 
points of time until the temperature of the heat- 
ed port.on has reached the reference tempera- 
ture, on the basis of a sum of the estimated tem- 
perature increase and the initial temperature of 
he hea ed portion, and the electric power-re- 
lated value obtained at a corresponding one of 
he plural.ty of discrete points of time the de- 
emed time period being defined as a second 
allowable supply time period for the electric 
power supply to the motor; and 
a supply restricting means for starting restrict- 
ing the power supply to the motor when the first 
or second allowable supply time period deter- 
mined by the first or second allowable supply 
time period determining means has passed 

14. An electrically operated power steering apparatus 
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for an automotive vehicle having a steering wheel 
to be operated by an operator of the vehicle and a 
steerable wheel thereof laying on a road surface, 
comprising: 

5 

a motor applying a drive force thereof to a 
torque transmitting system transmitting a steer- 
ing torque which is applied to the steering wheel 
by the operator, to the steerable wheel, so as 
to assist the steering torque; 10 
a controlling device controlling an electric pow- 
er supply to the motor, thereby permitting re- 
duction in a required value of the steering 
torque with the assist of the drive force of the 
motor; and 15 
a power supply restricting device utilizing a 
temperature of a heated portion of the electri- 
cally operated power steering apparatus which 
emits heat as a result of the electric power sup- 
ply to the motor, at a reference point of time, as 20 
an initial temperature of the heated portion, uti- 
lizing a plurality of electric power-related values 
each of which is related to at least one of a cur- 
rent and a voltage value of the motor, as a plu- 
rality of physical quantities related to tempera- 25 
ture increases of the heated portion each of 
which is an increase of the temperature of the 
heated portion from that at the reference point 
of time, and restricting the electric power supply 
to the motor such that an actual value of the 30 
temperature of the heated portion does not ex- 
ceed a predetermined upper limit thereof. 

15. An electrically operated power steering apparatus 
for an automotive vehicle having a steering wheel 35 
to be operated by an operator of the vehicle and a 
steerable wheel thereof laying on a road surface, 
comprising: 

a motor applying a drive force thereof to a «o 
torque transmitting system transmitting a steer- 
ing torque which is applied to the steering wheel 
by the operator, to the steerable wheel, so as 
to assist the steering torque; 
a controlling device controlling an electric pow- 45 
er supply to the motor, thereby permitting re- 
duction in a required value of the steering 
torque with the assist of the drive force of the 
motor; and 

a temperature estimating device utilizing a tern- so 
perature of a heated portion of the electrically 
operated power steering apparatus which 
emits heat as a result of the electric power sup- 
ply to the motor, at a reference point of time, as 
an initial temperature of the heated portion, uti- 55 
lizing a plurality of electric power-related values 
each of which is related to at least one of a cur- 
rent and a voltage value of the motor, as a plu- 



rality of physical quantities related to tempera- 
ture increases of the heated portion each of 
which is an increase of the temperature of the 
heated portion from that at the reference point 
of time, and estimating the temperature of the 
heated portion using the initial temperature and 
the plurality of electric power-related values. 

16. The apparatus according to Claim 15, wherein the 
temperature estimating device comprises a temper- 
ature estimating means for repeating obtaining one 
of the plurality of electric power-related values after 
the reference point of time, for obtaining a sum of 
the plurality of electric power-related values which 
have been already obtained, each time a new one 
of the plurality of electric power-related values has 
been obtained, the obtained sum being defined as 
an integrated value of the already obtained plurality 
of electric power-related values, for estimating the 
temperature increase of the heated portion on the 
basis of the obtained integrated value, and for esti- 
mating the temperature of the heated portion at 
each one of a plurality of discrete points of time after 
the reference point of time, on the basis of the initial 
temperature and the estimated temperature in- 
crease of the heated portion. 
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FIG. 14 
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